Introduction: This ex vivo study evaluated the accuracy of the Root-ZX electronic apex locator (EAL) (J. Morita, Tokyo, Japan) and the NovApex (Forum Technologies, Rishon Lezion, Israel) in determining the working length (WL) during endodontic treatment.
INTRODUCTION
A proper determination of working length (WL) is one of the main factors of successful root canal therapy. 1 The WL is defined as the distance from a coronal reference point to the apical point at which canal preparation and obturation should end. 2 As the apical constriction is the narrowest region of the canal, many studies have suggested this region as the apical reference and because of the smallest blood supply diameter in this region, healing would be desirable and the wound to the periapical tissues is supposed to be minimum. 3 Conventional measurement methods for determining WL are periapical radiographs and electronic apex locators (EALs). To decrease radiographic exposure and the rate of overestimation of root canal length, EALs are broadly used in endodontics to determine WL during root canal treatment. 4, 5 Nowadays, the most broadly used EAL is Root-ZX (J. Morita, Tokyo, Japan), which concurrently measures the impedance values at two frequencies (0.4 and 8.0 kHz) and then calculates their quotient. 6 The other EAL that has attracted attention is NovApex (Forum Technologies, Rishon Lezion, Israel) that uses voltage difference and operates based on the principle that in addition to the difference of impedance measurement between two electrodes, it shows a great difference at an apical constriction region. 7 The purpose of this ex vivo study was to evaluate and compare the accuracy of Root-ZX and NovApex in determining WL.
MATERIALS AND METHODS
Forty extracted, single-rooted, human maxillary incisors with mature apices and straight roots, which have been randomly selected, were used in this study. Canals with open apices, root fractures, obstructed foramina, previous root perforations, and accessory canals were excluded from the sample. After the soaking of teeth (samples) in
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2.5% sodium hypochlorite for 3 hours, they were stored in sterile 0.9% saline until used.
Access cavity was performed with fissure and round diamond burs, and a flat horizontal plane was prepared with a diamond bur to provide a fixed coronal reference point for all measurements.
The distance from coronal reference plane to apical foramen was considered as the actual root canal length. A size #15 k-file (Maillefer, Dentsply) with a silicone rubber stop was inserted, until its tip was just visible at the level of apical foramen. This procedure was performed under a magnifying glass at a magnification of ×15 and an explorer. After adjusting the silicone rubber to the coronal reference and removing the fileclip from the root canal, the actual root canal length was measured with an endodontic ruler (mm). According to the estimated distance between apical foramen and apical constriction based on Kuttler and Dummer's studies, we calculated the WL by subtracting 0.5 mm from the measured length. 8, 9 Electronic measurements were achieved using the Root-ZX and NovApex. For electronic WL determination, a screw top plastic container was filled with an electrolyte, which was a buffer solution containing Na 2 HPO 4 (4.5 gm), NaCl (7 gm), and KH 2 PO 4 (6.67 gm) in 1 L of distilled water. The tooth and a conductor metal bar with a loop at the top were inserted through the screw top perforated with two holes.
The tooth position was adjusted until the root was inserted into the buffer solution and the file clip of the EAL was attached to the loop of the bar. Then a size #15 k-file with attached file clip of the EAL was inserted into the canal until it reached the apex and the apex locator started to provide rapid audible signaling. The silicon rubber was then adjusted on the specimen and the penetration depth was recorded.
The electronic WL measurements were recorded per canal and both apex locators, Root-ZX and NovApex, for further statistical analysis.
Data Analysis
Data were analyzed by Statistical Package for the Social Sciences software (version 17/0: SPSS Inc., Chicago, IL, USA). The significance level was set at p = 0.05. The accuracy of NovApex and Root-ZX apex locators was calculated within ±0.5 and ±1 mm. Paired t-test was used to compare the accuracy of the two EALs.
RESULTS
There was an extreme correlation between visual WL determination and Root-ZX and NovApex measurements. The accuracy of NovApex apex locator was 85% within ±0.5 mm and 92.5% within ±1 mm. The accuracy of Root-ZX apex locator was 70% within ±0.5 mm and 97.5% within ±1 mm. There was no significant difference between the accuracy of two EALss in WL determination (α < 0.05).
DISCUSSION
A successful endodontic treatment depends on many fundamental factors, in which one of the key factors is accurate WL determination. To eliminate the problems of radiographic method, the use of EALs for determining WL has become increasingly popular.
The main purpose of this ex vivo study was to evaluate the accuracy of one EAL most widely used in clinical practice, the Root-ZX, and another brand, the NovApex.
Since the introduction of EALs, numerous in vitro and in vivo studies have evaluated the accuracy of these devices in determining WL. In a study by Shabahang et al 10 the reported value for Root-ZX was 96.2%. In another study, Pagavino et al 11 showed that the Root-ZX was accurate 82.75% within ±0.5 mm and 100% within ±1 mm in determining WL from apical foramen. D'Assunção et al 12 in an ex vivo study showed that the accuracy of NovApex in determining the apical foramen was 82.1% within ±0.5 mm. The apical end point used in that study was the apical foramen. The difference between these studies is in appointing the reference point from which measurement accuracy is determined. Some authors measured from the minor diameter, while others measured from the major foramen or apical foramen. The apical limit in our study was apical constriction (0.5 mm shorter than apical foramen), and the results of our study showed that the accuracy of the Root-ZX was 70% within ±0.5 mm and 97.5% within ±1 mm, whereas it was 85% within ±0.5 mm and 92.5% within ±1 mm for NovApex. In another in vitro study, which had been done in retreatment cases, the electronic measurements obtained with NovApex showed an accuracy of 85% (within ±0.5 mm of the apical foramen). 13 In an in vivo study conducted by Shahi et al 14 , it was concluded that the accuracy of NovApex apex locator was more than traditional radiographic technique (74.7 vs 68%). Furthermore, one study evaluated the ability of NovApex in detecting the position of the horizontal root fracture in extracted teeth and showed the accuracy of 70% within ±0.5 mm of the fracture line. 15 In general, we can say that similar to previous studies, 12, 13 our study showed no significant difference between Root-ZX and NovApex.
CONCLUSION
From this study, it can be concluded that both NovApex and Root-ZX apex locators are useful for measuring the WL with high accuracy.
